Using a sample of 46 000 EU firms from the Community Innovation Survey, this paper analyses the drivers of innovation adoption. In contrast to most empirical studies on innovation diffusion in which a specific technology is analyzed, this study covers several countries and industries in the European Union. Following Van de Ven and Van Praag (1981) , Heckman's method is applied in a context of binary endogenous variable to explain the choices made by firms regarding innovation. Distinctions are made between the internal generation of innovation and the adoption of innovation produced by others, as well as between different types of adoption (product vs. process and cooperation-based adoption vs. isolated adoption). The study is focused on the impact of users' features and their cooperation with suppliers on the adoption choices. The results point out that cooperation is a key driver of adoption choices. Usual determinants such as firm size, absorptive capability or exports would foster generation of innovation instead of adoption.
Introduction
Although it is usual in academic research to relate technological change to R&D investments or the generation of new technologies, needless to say that it is only when these new technologies are broadly introduced into the economy that their benefits will be realized (Hall and Khan, 2003) . Thus, the diffusion stage of the technological change process becomes almost the foremost phase. An extensive literature, belonging to various research fields (agriculture, health, economics and management among others) studies this process of innovation diffusion. 2 In this process, a specific attention has been devoted to the adoption choices, e.g. to the decision to start using a new technology, this latter being product innovation, process innovation or management innovation. A lot of empirical evidence has been provided, pointing out the existence of an S-shaped curve in most cases, with a low rate of adoption in the early stage, followed by a rising rate until a saturation point. In spite of this common feature, empirical evidence points also to the great variety of the speed of adoption.
The length of each phase can greatly vary, from one technology to another, but also for a similar technology, from one country or one region to another 3 . This raises the question of the underlying mechanisms of the innovation adoption process. The theoretical literature identifies several potential determinant of the adoption choice. However, we still miss a systematic empirical evaluation of these factors. The current literature is based on case studies that do not provide a general overview. Most of the empirical studies focus on a specific technology and very few cross country comparisons or cross industry comparisons are provided 4 .
This paper tries to fill in this gap by providing a microeconomic analysis of the determinants of innovation adoption covering several countries and industries in the European Union. More specifically, the aim of the study is to analyse the drivers of innovation adoption through the development of proper measures and the analysis of the main determinants of this process in the European Union. Based on the Community Innovation Survey (CIS), we suggest an indicator of innovation adoption at the firm level which is based on the distinction between firms developing their own innovation and firms declaring that their innovations have been developed "mainly together with other enterprises or institutions" or "mainly by other enterprises or institutions" Such an indicator allows us to distinguish between different kinds of adoption (process vs. product adoption, collaboration-based adoption vs. isolated adoption).
The adoption choices made by firms are then explained by the users' characteristics, together with an assessment of the role played by cooperation between users and suppliers.
It is worth noticing however, that using CIS entails some consequences. Firstly, the information about adoption is available for innovative firms only. Theoretically, we should therefore consider the innovation diffusion process as the result of a two-step decision process: being innovative or not, at the first step, and adopting external technologies or producing them internally, at the second step. Methodologically, this means that our estimation is exposed to the well-known "selection bias" (Heckman, 1979) requiring an appropriate estimation method. The probabilities to adopt new technologies are estimated following the method of Van de Ven and Van Praag (1981) . This approach applies the Heckman's method in a context of binary endogenous variable. It is extended in order to cope with the double selection bias that arises when dealing with the different types of innovation adoption.
Secondly, when focusing on the analysis of the reasons that lead to adopt an existing product or process, instead of developing it within the firm, the study suffers from some limitations.
The database does not allow us to cover all the potential determinants of adoption. In particular, supplier features but also cultural and institutional characteristics of the environment are not included. These unobserved features are accounted for all together through industry and country dummies, only their net influence is therefore observed.
The remainder of the paper is organized as follows. The main theoretical hypotheses are discussed first (section 2). Then, the model and the data are presented in section 3. The results are discussed in section 4 and the last section summarizes the main conclusions.
Related literature and main hypotheses
Different theoretical approaches have been pursued to describe the rationale behind the main characteristics of the adoption process. Mainly developed within the innovation diffusion literature, they generally confuse the decision to innovate with the decision to adopt an external technology. We'll see however that they are mostly adaptable to our own analytical halshs-00550343, version 1 -27 Dec 2010 framework which consists in distinguishing among innovative firms the ones which best participate to the diffusion process by their choice to adopt external innovations instead of developing them on their own.
Basically, three main conditions for innovation adoption can be pointed out:
5 -being aware of the new technology, which is stressed by epidemic models,
-being able to use and adapt the new technology, which refers basically to demand models, although is also related to the supply side models (where the ability of suppliers to improve their products or processes or to develop complementary inputs foster the adoption process),
-profitability of adopting the new technology, which depends on the price, on the expected returns, and on the level of risk.
These three conditions rely primarily on the characteristics of the potential users, but also on the actions and features of the suppliers of the new technology (Hall and Khan, 2003) , as well as on the interactions between users and suppliers and on the regulatory environment.
Users' characteristics as determinants of innovation adoption
From the demand side perspective, several factors are likely to affect the ability to be aware of the new technologies and the ability to use and adapt them (what is referred to in the literature as the absorptive capacity), as well as the expected returns of adoption: user's investments in human capital and R&D, user's organizational innovation and users' size and market features, among the main ones, as we analyse below in depth.
User's investments in human capital
The investments made by users in human capital play a crucial part in their ability to adopt innovations. This human capital is often a condition to be aware of the new technology and to be able to use it. Along with the specific institutional framework of each economy, the role played by human capital in the absorptive capacity of a firm or an economy is well documented. Nelson and Phelps (1966) argue, for example, how imitation and adoption imply 5 See also Rogers (1995) and Hall (2005) for different presentations of these conditions.
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an investment in human capital. Hence, the higher the human capital of a lagging economy, the faster will be its technological catch-up.
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For example, "reverse engineering" on which a considerable part of innovation diffusion relies, is more likely to be performed by engineers than by low skilled workers. A more formal discussion of this hypothesis can be found in the works of Benhabib and Spiegel (2005) or Basu and Weil (1998) where the adoption of very different technologies may imply an increasing difficulty for the follower. Human capital may facilitate the absorption of these distant technologies acting as an enhancing factor for the diffusion of innovation.
User's investments in R&D
Similarly, investments in R&D made by users can help adapting the new technology. The change in the conception of knowledge points out the role of R&D as an absorptive capacity (Cohen and Levinthal 1989 , 1990 , Jovanovic and Rob, 1989 . A firm's absorptive capacity largely depends on the level of prior related knowledge owned by the firm. Also, the ability of a firm or an economy to use the results of research efforts made by other firms or other public and/or private research establishments depends on its ability to understand them and to assess their economic potential.
It is important to note here that while the literature on innovation diffusion and absorptive capacity insists on the necessary innovative capabilities (especially R&D capacities) of adopting firms, it is also clear that firms that can develop innovations in-house are likely to have higher innovative capabilities than firms that only acquire new technology developed by others (Arundel, 2007; Huang et al., 2010) . Consequently, human capital and R&D capacities would have a mixed effect, positive on the capacity to innovate but negative on the adoption choice.
6 Nelson and Phelps (1966) 
User's organisational innovations
Adoption of innovation often requires organisational innovation ( ICT adoption is a striking example). Thus, the ability of users to make organisational changes may enhance their ability to use new technology, and therefore improve innovation diffusion (see Battisti et al. 2007 on the ICT case).
Moreover, the kind of organizational structure is an important determinant of how knowledge flows inter and intra-firms. Lane and Lubatkin (1998) or Lenox and King (2004) analyze, for example, how the organizational structure of a firm influence the internal communication processes therefore shaping its absorptive capacity.
Size of the user's firm
Size may impact on the profitability of adoption. Indeed, it reduces the level of risk since it is distributed over a large number of products. It also reduces the financial constraint. User's financial means are required to be able to adapt the new technology and to lower the critical level of profitability. Indeed, as argued by Maskus (2000) , imitation usually takes the form of adaptations of existing technologies to new markets. Imitation and adaptation of leading-edge technologies imply a cost for the technological follower. This determines the extent of technology flows from a best-practice technological frontier to the rest of firms or countries.
The costliness of imitation is widely observed and acknowledged in theoretical and empirical literature. Maskus et al (2004) , Mansfield et al (1981) , Helpman (1995) or Behnabib and Spiegel (2005) point out how the cost of both the adaptation and imitation of technologies discovered at the frontier (or in other technological sectors) is usually positive but relatively lower than the cost of innovation. The larger the firm, the higher the financial means devoted to the adaptation and imitation of technologies. It should not be forgotten however, that, when considering the choice between adoption and internal innovation, the cost argument implies that large firm are more likely to innovate internally than to adopt technologies produced elsewhere.
Furthermore, the size of the firm is usually regarded as an important factor shaping the absorptive capacity. A good deal of empirical evidence seems to show how larger firms are more likely to exploit their existing internal knowledge in order to diffuse knowledge internally and increase their productivity (i.e. Levinthal and March, 1993; Dougherty and Heller, 1994 
User's market features
The main characteristics of the market faced by potential users are also likely to influence their propensity to adopt new technologies. The literature has pointed out the role played by the market share of the user (Hall and Khan, 2003) . The larger the market share, the higher the incentives to adopt, because a large market share increases the ability to appropriate the returns from adoption. In addition to market share, the market dynamisms may also imply higher rates of adoption. In probit or rank models, demand growth is stressed as a positive factor of innovation diffusion, because it increases the expected returns. It should be noted
however, that such arguments are globally relevant to explain the propensity of firms to innovate. It is therefore, not obvious to anticipate their influence on the choice between innovation and adoption.
Previous adopters
Finally, based on epidemic models, we can state that the number of previous adopters on the market plays also a crucial part in innovation diffusion. According to the epidemic models, the use of new technology is constrained by the number of people knowing the existence of the new technology. As time proceeds, the experience of users leads to the spreading of knowledge on the existence of the technology. Therefore, the probability of being aware of one technology rises with the number of previous adopters. The information regarding how to use the new technology is also becoming more available, increasing the ability of potential users to adopt it. Moreover, the profitability may change along the diffusion path. Indeed, a high number of previous adopters may give rise to higher expected returns. This would be the case in particular if network externalities arise. Conversely, the risk associated with adoption decreases with the number of adopters. Adopter's heterogeneity however must be considered as a factor explaining the disequilibrium nature of the diffusion process although most diffusion studies neglect this aspect (Massini, 2004) .
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Suppliers' characteristics and interaction between suppliers and users as determinants of innovation adoption
As they concern the suppliers of the new technologies, these determinants are more specific to the adoption process than those presented above which often apply to innovation as well as to adoption. Most of the supply side models do not deal directly with the adoption phase of the innovation diffusion process. They instead put the emphasis on the ability to diffuse a technology. However, this can impact for a part on the adoption choice made by users.
According to Rosenberg (1972) on the supply side there are several important factors for the diffusion of innovation, for instance, the improvements made to the technology after its introduction, the invention of new uses for the old technology, the development of complementary inputs such as user skills and other capital goods, and the like. In a more global approach, Rosenberg (1972) points also out the characteristics of the institutional context and the regulatory environment as influencing factors.
More recently, the theoretical and empirical literature on innovation diffusion and technology transfers shows that interactions between users and suppliers are required for innovation diffusion to occur and that the regulatory environment is an influencing determinant of the quality of these interactions.
Supplier's innovative and financial features
New technologies are rarely commercialized in their very first version. They need to be improved and adapted to the specific needs of users. The capability of suppliers to improve their technology but also to provide users with complementary products is very important.
Moreover, the price is often high at the first stage of innovation diffusion. In order to ensure a higher rate of diffusion, suppliers have to perform innovation in order to reduce the costs. For these reasons, the R&D and innovative capacity of new technology suppliers is thus essential.
Supplier's financial means are of course important to be able to adapt the new technology (to cover the R&D costs) as mentioned above. But financial means play also a role to inform potential users, for instance as in Tonks (1986) who puts the stress on the advertising costs.
The edition of users' guide may also generate important expenditures (in the aerospace industry for instance).
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As stressed by the epidemic models, these different factors stemming from supplier features (cost reduction, complementary products, etc) are facilitated by the number of adopters already present on the market. In other words, innovation diffusion may be driven by suppliers and users interaction, as reviewed next.
Interaction between users and suppliers
An important result of both the theoretical and empirical literature is that technology transfers do not happen spontaneously. The distinction made by Rogers (1995) on hardware and software indicates that some information is tacit, and requires interpersonal contact to be transmitted. Therefore, being aware of the technology and being able to adapt it requires effective contacts between suppliers and users. Interactions between users and suppliers are required for innovation diffusion to occur. These relationships support two distinct kinds of exchange between suppliers and users:
-Exchanges of tangible assets: Innovation diffusion may rely on flows of products and services that allow imitation, reverse engineering, technology transfers, ... For this reason, trade is an important driver of innovation diffusion. Coe and Helpman (1995) and Coe et al. (1997) argue that international R&D spillovers are substantial and that trade is an important channel of such spillovers. Markusen (1989) , Verspagen (1997) and Keller (1999) analyzed initially the impact of trade (and in particular of the import of intermediates) on the diffusion of technology and innovation within and across countries. Empirical studies such as Syrquin and Chenery (1989) or Sachs and Warner (1995) provided a solid evidence of the positive impact of trade on technology diffusion and growth.
-Exchanges of intangible assets: Ideas are not freely accessible to everyone. They are instead, at least partly, embodied into people (Lucas, 1988) . Therefore, the diffusion of tacit knowledge and their absorption would rely on effective interpersonal interactions. Studies exploring this issue consider two main kinds of interactions:
the face to face relationship, on the one hand, and the human capital mobility, from one institution to another or over space, on the other hand. More recent research suggests that, beyond direct relationships, the integration within networks is a key factor for knowledge diffusion and thereby for innovation diffusion (Autant-Bernard et al. 2010 ).
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From this viewpoint, the organisational structure of the economy as well as the regulatory environment plays a crucial part.
Regulatory environment
A specific field of research refers to the role played by the intellectual property rights regime 7 . We will not review it here. Let us just note that it has an impact on all the conditions of the innovation diffusion: it produces positive effects by improving awareness about the new technologies, it also gives incentives to suppliers to improve the technology or to develop complementary technologies; but on the opposite, it generates negative effects on the price, since royalties have to be paid. Therefore, its impact on innovation diffusion is not unidirectional especially when it is considered as an alternative to internal innovation. If, on the one hand, increasing the protection of IPRs theoretically ensures the innovator to be rewarded for its investment in R&D it is argued, on the other hand, how strengthening IPRs protection significantly raises the costs of imitation and thereby hinders adoption processes. The use of strategies to increase appropiability is expected to increase with the level of investment in activities that produce novel innovations. Therefore technology adopters are expected to use fewer appropriability strategies that R&D performing firms (Huang et al., 2010) .
Other researches point that concentration facilitates for suppliers to adapt the technology to potential users (see Lundvall, 1992) . the determinants of innovation adoption, the remainder of this paper implements an econometric model based on CIS microeconomic data covering different EU countries and several industries.
Methodology
Whereas existing analyses of the determinants of innovation adoption refer to specific technologies, we will consider here the determinants of adoption of innovation in general terms, without specifying any particular technology.
Compared to previous studies, we also cover a various set of potential drivers of innovation adoption. It will not be possible however to cover all the potential factors. The main feature of the regulatory environment, as well as the supplier's characteristics cannot be accounted for with a micro database focussing on potential adopters. The focus is therefore upon the users'
features and their cooperation with suppliers. We believe that the most important drivers are considered here, but it is important to keep in mind that the error term as well as the dummy variables may bring together a set of other determinants of innovation adoption, for which we will measure only a net effect.
Use of the Community Innovation Survey
This research work is based on a sample of 46 010 observations coming from the CIS3 micro anonymized dataset provided by Eurostat. It analyses innovative activities carried out between 1998 and 2000 by EU firms.
In the CIS survey, the definition of innovation covers both the generation of innovation and the adoption of such innovation. Therefore, it can be used to analyse the process of innovation diffusion, by identifying innovation that relies on an adoption process. We first explain how we proceed to distinguish adoption and generation of innovation. Then, we suggest indicators likely to characterize the nature of adoption. Therefore, we will consider that innovation adoption occurs as soon as the firm declares that its process or product innovations have been developed "Mainly together with other enterprises or institutions" or "Mainly by other enterprises or institutions".
It is worth mentioning that our definition does not strictly account for adoption in the sense that innovation developed together with other enterprises can rely on knowledge sharing more than on innovation diffusion. However, as mentioned in the literature review (section 2) most studies stress the importance of effective collaboration to adapt the technology and make it suitable for the adopter. This is thus relevant to consider that in many such cases, innovation diffusion occurs.
Furthermore, firms are asked about their "main" way of innovation. Therefore, some firms are excluded from the definition above while they do rely on innovation adoption, but this is not their main way of innovation (some firms answering that their innovations have been developed mainly within the enterprises or the group may be at the same time adopters of innovation developed elsewhere). We are therefore driven to consider that adoption is done by the firms whose product or process innovations are developed mainly together with other firms or mainly by other enterprises, and that all the information they provide regarding inputs and outputs concerns this kind of innovation. This implies also that, we do not have, for each firm, the number of innovations that fits with the definition, which prevents us from accounting for the extent of adoption.
In spite of these drawbacks, the CIS provides us with a large sample of microeconomic data, covering 14 EU countries 9 and most industries, allowing for the first time a systematic evaluation of the determinants of innovation adoption within the EU.
Model
The dependent variable measures the fact that the firm has chosen an adoption strategy against the internal innovation strategy. More precisely, the decision to adopt an innovation (product or process) is estimated by means of a binary choice model. The profit associated with adoption is considered to be the latent variable. Since a measure of this profit is not available, a probit model is used where the dependent variable takes value 1 if firm i adopted a product or a process innovation (developed by others or in collaboration with others) and 0 otherwise. Adoption is assumed to occur if the associated payoffs are positive.
For each firms, adoption is assumed to occur if and only if the expected profit, noted i Π is positive. So, the probability that adoption occurs in firm i is )
. For each firm, the profit associated with adoption is given by: Only innovative firms (in terms of product or process) are included in the sample, so that the absence of adoption cannot be explained by the absence of innovation. Therefore, the analysis focuses upon the reasons that lead to adopt an existing technology or a process, instead of developing it within the firm.
The firm features are drawn from the theoretical studies detailed in section 2 of this paper.
Eight variables are included:
First of all, the equation of innovation adoption includes the turnover of the firms, (LNTURN) in order to measure the firm size effect. As mentioned above, a positive effect of this variable can be expected on the propensity to adopt a technology, via the absorptive capacity of the firms. However, a large size may also reduce this propensity due to the fact that we consider here the choice to adopt against the choice to innovate internally.
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The absorptive capacity of firms does not only rely on a size effect. It is usually associated with the level of skill within the firm or with the Research and Development investment made by the firm. For this reason, we include in the equation the number of workers with higher education (LNEMPHI) as well as the total innovative expenditure (LNRTOT). A high level for these two variables is likely to facilitate the adoption process. However, it also enhances the capacity of firms to internally innovate. Estimations will allow us to better appreciate their relative role in these two processes.
As specified above, IPR may also play a crucial part in the way innovation is likely to diffuse In order to account for innovation adoption driven by trade, the level of exports of the firm (LNEXP) in introduced. A positive impact would indicate that the innovation diffusion effect exceed the competitive effect due to international pressure. This latter might indeed incite innovative firms to be leader instead of follower.
The interactions between users and suppliers are proxied by a dummy variable (COOP) that takes value 1 if the firm has been involved in cooperation activities for its innovation.
In addition to these variables, we also include in the estimation a dummy variable indicating whether the firm belongs to a group or not (GP).
10 Although the literature does not stress this point, it appears that this can affect the ability to adopt an innovation. On the one hand, one can consider that belonging to a group increases the opportunities to adopt technologies. On the other hand, due to the way our dependent variable is built, a negative sign may be expected. Indeed, innovations adopted from the remainder of the group are excluded of our definition of adoption. Therefore, if firms that belong to a group rely on innovation developed by the remainder of the group, this will reduce their share of adoption based on external innovation only (which is our definition of adoption). More practically, it is also important to control for this characteristic because some firm may have answered certain items referring to the whole group instead of the firm only.
Finally, both industry and country dummies are included. These variables measure the net effect of all the industry and country specific features (Competition, IPR system, geographical distribution, etc.) that impact the innovation process.
From a methodological point of view, adoption choice is only observed by the enterprises which have decided to innovate. Our estimation is therefore exposed to the well-known "selection bias" (Heckman, 1979) . Consequently, we choose to estimate the probabilities to adopt new technologies following the method of Van de Ven and Van Praag (1981) . This approach 11 applies the Heckman's method in a context of binary endogenous variable.
For this reason, we estimate three main equations. Equations (i) explains the innovation decision meanwhile equations (iii) and (iv) explain the innovation adoption decision. Equation 
In order to respect identification condition, equations (i) and (ii) (related to innovation) include variables that are different from the one included in the adoption equations (iii and iv).

Concerning identification condition, at least one variable of the model (i-ii) must be excluded from model (iii-iv). EST is a dummy variable indicating that the firm was newly established
during the period 1998-2000. The variable EST is considered sufficiently correlated with the innovation decision but not correlated with the adoption decision. This variable is likely to impact negatively the decision to innovate. This is due to the definition of innovation retained in the CIS. It is clearly mentioned in the CIS user guide for the respondent that, in all cases, the innovation or improvement must be considered in reference to the enterprise. They may not necessarily be innovations or improvements for the market or relatively to the enterprises of your sector (or of any other firm). An additional item is devoted to product innovations that are new to the market as well. Therefore, even if some new firms are set up because they provide new product or process compare to other firms, these innovations are not new in reference to the firm previous activity. As a consequence, new established firms are unlikely to be registered as innovating in the CIS. A firm with only one or two years of life is indeed less likely to change its product or process than older firms.
Other structural changes faced by the firm during the period 1998-2000 are also included. The variable TURNINC is a dummy variable that takes value 1 if the firm increased its turnover by 10% or more, due to merger with another enterprise or part of it. Similarly, the variable TURNDEC takes value 1 for firms that experienced a decrease in their turnover of 10% or more due to sale or closure of part of the enterprise. A positive impact of TURNINC is expected. The merger with another enterprise often goes together with a re-organization of the production process and/or with a redefinition of the firm product range. Conversely, the sale or closure of part of the firm is usually associated with a reduction phase of the firm activity, rarely associated with dynamism in terms of innovation.
Following Mairesse and Mohnen (2002), a size variable (LNWTURN) is also added in the model (i-ii)
. This variable captures the firm turnover. In order to make the specification of our innovation equation different from our adoption equation however, this variable is crossed with the industry specific effects. LNWTURN is thus the enterprise sales weighted by the share of sales generated by the industry to which the enterprise belongs. This measure of size reflects access to finance, scale economies, and differences in the organization of work.
Therefore, a positive sign of the coefficient associated with this variable is expected. The group membership variable (GP) is included as well. Firms that are members of a group are halshs-00550343, version 1 -27 Dec 2010 expected to benefit, for instance, from intra-group knowledge spillovers and internal access to finance.
This first stage includes also the variable LNEXP. The rate of export is known as a factor that stimulates competition pressure. Therefore a positive impact on innovation is expected. The other explanatory variables that are included in our adoption equation (COOP, PUBLIC, ORGA) cannot appear into this first stage. These variables are observed for innovative firms only. Similarly, the industry dummies are not introduced in these first stage equations. The correlation with LNWTURN is such that multicolinearity would arise in a specification including industry dummies.
Estimations are first run on the whole sample. The aim is to study the determinants of the adoption of an innovation, this latter being product or process innovation. One can think however that the underlying mechanisms are different according to the nature of innovation.
In order to assess the very existence of such differences, estimations are then run separately for product innovation and process innovation.
Results
In the first section, the determinants of innovation adoption in product and process are discussed while in the second section we comment the innovation adoption according to the nature of innovation.
Innovation Adoption in both product and process
The preliminary results are reported in table 1. Innovation equation results are reported in columns (i) and (ii), while columns (iii) and (iv) report the adoption equation results, respectively without and with the selection bias correction. We firstly briefly comment on the innovation equation results. After that we focus on adoption equations, our main equations of interest.
Model ( From the model (iv), the inverse Mills' ratio is not significant. This correction captures some negative trends of intercept and the correction on the other variables is weak. Despite these results, we choose to comment our results from (iv), since this model include a weak correction of selection bias.
Our results suggest that the variables influencing positively the probability to innovate influence negatively the probability to adopt a new technology.
13
The global quality of the model is not very high. We succeed in predicting innovation adoption behaviour for 63% of the sample only. Several other specifications have been tested but none of them increases the explanatory power.
The firm turnover (expressed in logarithm, LNTURN) exerts a positive and significant impact, supporting the idea of a positive size effect on innovation adoption. The coefficient associated with research expenditure (LNRTOT) has the expected sign. The significance however, disappears once the selection bias is accounted for. The amount of R&D does not appear as a specific feature of adopting firms, compare to firms that generate innovation.
On the opposite, the number of workers with a higher education (LNEMPHI) has a significant and negative coefficient. This is consistent with the fact that only innovative firms are considered in our sample. Firms that do not adopt innovation are firms that innovate by themselves. Therefore, they hire a larger number of high skilled workers. Among innovative firms, those with the lowest number of high skilled workers are more likely to build their innovative strategies on external knowledge, and thus to adopt innovation developed by other firms.
The variable PATENT exerts a negative impact as well. Firms that base their innovation strategy on legal protection are primarily those who generate internal innovation.
[insert The coefficient associated with the dummy variable GP has a negative sign, which was the expected sign. Firms that belong to a group have lower rates of adoption. This is due to our definition of adoption. Within group adoption is recorded as generation of innovation, and not as adoption.
The idea of organizational innovation as a pre-requisite to adopt technology developed outside is only partly confirmed. The coefficient of the corresponding variable (ORGA) is significant at a 10% threshold only. This does not mean organizational innovations are not necessary, but they do not play a very specific role on adoption compared to "internal" innovation.
According to the positive coefficient associated with the variable PUBLIC, public financial support would provide incentives to adopt. Public funding of innovation would be efficient to foster adoption of innovation, more than generation of innovation. This could result from the type of instruments used by policy makers, but it can also result from a different level of incentives associated with generation and adoption of innovation. One may hypotheses that incentives to generate innovation (due to temporal monopoly power) are high enough to lead firms to produce innovation. Incentives associated with innovation adoption would conversely be more reduced, and public policies would have a more critical impact on firm choices.
Regarding the channels through which trade may impact on innovation adoption, the negative effect of LNEXP (the amount of exported sales expressed in logarithm) is unexpected.
Theoretical model as well as empirical studies have shown the positive impact of trade on innovation adoption. Once again, we must be careful in interpreting this coefficient.
Compared to innovations developed within firms, exports exert a negative effect on innovation adoption. However, the global impact on innovation remains positive. This
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interpretation is clearly confirmed by our first stage estimation. In the innovation equation, LNEXP has a positive and significant coefficient. Therefore, it appears that exports impact positively on both generation and adoption of innovation, compared to the non innovative choice.
The effect of cooperation on adoption is conversely positive. Among innovative firms, the ones with cooperation activities are more likely to adopt innovation, while non cooperative firms are more likely to generate innovation. This result corroborates the theoretical hypothesis. Cooperation is a powerful driver of innovation adoption. It should be noted however, that the potential impact of cooperation on the propensity to innovate cannot be addressed here, since the cooperation variable is observed for innovative firms only.
Innovation Adoption according to the nature of innovation
Innovation adoption may be driven by different factors according to the nature of innovation.
In order to evaluate these potential differentiated effects, this second part explores separately firms that introduce product innovations and those that introduce process innovations.
Product Innovation Adoption
We consider here a sub-sample of firms, those that innovate in product (being they innovative in process as well or not). This way, we are going to analyse the impact of our explanatory variables on the decision to adopt a product innovation or to develop it within the firm. Table 2 gives the results obtained for the same specifications as in Table 1 . A selection bias arises once again in this estimation. Information regarding product adoption is available for product innovative firms only. Therefore, in a first stage, the propensity to innovate in product is estimated.
The equation selection (v) is estimated using all the observations in the sample. It differs from selection (i) since the dependent variable takes value 1 if the firm has introduced product innovation during the period 1998-2000 and 0 otherwise (e.g. if firm has not introduced innovation at all, or if it has introduced process innovation only). The lambda parameter accounting for the selection bias is not significant and the results obtained for equation (vi) and (vii) are very similar.
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They show that the prediction power of the model is higher than on the whole sample.
Regarding the control variable, the effect of human capital (LNEMPHI), intellectual property strategy (PATENT) and belonging to a group (GP) are unchanged, with a negative sign. The impact of R&D expenditures (LNRTOT) becomes significant and negative whereas the size, public policies and organisation innovation variables (LNTURN, PUBLIC and ORGA) becomes non significant. The influence of export becomes non significant. Cooperation is confirmed as a key driver for product innovation adoption.
[insert table 2 about here]
Process Innovation Adoption
This subsection assesses the impact of our explanatory variables on the decision to adopt a process innovation (see Table 3 ). We consider here a sub-sample of firms that innovate in process. The selection bias we have to deal with here is due to the propensity to innovate in process.
The selection equation (viii) does not differ from the one of product innovation. The determinants of product innovation are almost similar to those of process innovation, except for the size variable (LNWTURN) that exerts a positive impact on process innovation, as it was already observed for total innovation.
As already observed for the product innovation sub-sample, the explanatory power is slightly higher than with the whole sample. This improvement is however lower here than for product innovation if we consider the equation corrected for the selection bias (x).
Several differences appear compared to product innovation. First of all, the size effect captured by the variable LNTURN is significant. Larger firms are more likely to adopt process innovation than developing them by themselves.
Public funding is also significant. Public financial support would foster process adoption more than product adoption.
Similarly to product adoption, the coefficient associated with the introduction of organizational innovation is again non significant.
Concerning the exchange variables, Export is non significant whereas cooperation remains positive and significant. The coefficient is slightly smaller however, than the one observed on halshs-00550343, version 1 -27 Dec 2010
product adoption (the marginal effects that allow us to compare the value of the coefficients are respectively 0.119 for product and 0.097 for process, and the difference is statistically significant). Cooperation would favour product innovation more than process innovation.
[insert table 3 about here]
Cooperation-based adoption vs. other organization-based adoption
Our definition of innovation adoption relies on two different items regarding the way product and process innovations occurred. The first one refers to "innovation developed mainly in collaboration with other firms or institutions", while the second one deals with "innovation developed mainly by other firms or institutions". These two items pointed two different ways of adopting innovation. Their determinants may differ.
In order to examine this issue, estimations are made considering as dependent variable the choice made by firms between the adoption developed mainly in collaboration and the adoption developed mainly by other firms or institutions.
Therefore, two selection biases are faced. The first one, as in previous estimations is due to the rejection of non innovative firms. The selection equation is the same as the equation (i) reported in Table 1 . In addition to that, a second selection bias can appear as our estimation is conditional to the adoption of a new technology. Indeed, in order to analyse the way adoption occurs, we reject from the sample of innovative firms, those firms that mainly develop their innovations by themselves. To say it differently, only adoptive firms are observed in our final equation. Therefore, two selection equations are needed to account for the two restrictions imposed: only innovative firms, and among them, only adoptive ones. The following diagram summarizes the potential biases: halshs-00550343, version 1 -27 Dec 2010
The second selection bias is corrected using estimation (iv). Consequently, model (xii) estimates the probabilities to adopt a technology developed by other organizations or institutions (model (xi) is estimated without bias selection to allow comparison).
14 In order to respect the identification condition, the LNTURN variable is assumed to influence the choice to adopt an innovation, and not the way adoption is made "in cooperation" or "in isolation".
The estimations are reported in Table 4 below. Concerning the selection equations, lambda is significant. The inverse Mills' ratio captures unobservable effects included in the intercept suggesting that correction is needed. The selection bias is positive, which means that the unobserved characteristics affecting positively the probability to adopt influence positively the probability to adopt product or process developed by others. Conversely, they affect negatively the probability to adopt by cooperation. Equation (xii) shows that several significant differences appear between adoption made in cooperation and in isolation. Four explanatory variables influence significantly the way adoption is made. The higher the level of highly educated workers and export, the lower the propensity to adopt innovations developed by others (and hence, the higher the propensity to adopt innovations by cooperation). Similarly, belonging to a group and using patent protection reduce the probability of adoption made in isolation (and hence, increase the probability of adoption made by cooperation).
14 See Guironnet (2006) . But its effect is due to process innovation and does not occur for product innovation diffusion showing a higher importance of internal capacities for the adoption of process innovation than for product. This means that among the innovative firms, this is the smaller ones that mainly choose to internally develop their own process innovation whereas the larger firms mainly adopt process innovation produced elsewhere.
Public financial support acts as incentives to adopt. Public funding of innovation appears efficient to foster adoption of innovation, more than generation of innovation in itself. This is halshs-00550343, version 1 -27 Dec 2010
certainly due to the use of numerous transfer-oriented policy instruments and this is especially true for process adoption.
The capabilities of firms to introduce organizational changes is also positively associated with adoption, but weakly significant. Consequently, it is certainly a facilitating factor but it does not appear as a strategic factor in the choice of adoption.
On the contrary, other users' characteristics produce a negative impact on the choice to adopt. This is the case for membership of a group and absorptive capabilities measured by highly educated workers, while R&D expenditure have a negative effect for product innovation only.
This runs counter traditional theoretical model as well as empirical studies. This is due to our specific sample that covers only innovative firms. The selection equation highlights that a positive impact occurs on innovation. Among the different ways of innovation however, they foster internal generation of innovation instead of adoption which is quite understandable given the importance of the internal opportunities of diffusion and exploitation of innovation offered by groups well endowed with skilled workers. The patent variable has also a negative effect which is not surprising. Intellectual property strategies are generally associated with a high rate of internal innovation.
The role of trade as a channel of innovation diffusion is measured though the export variables.
In most cases it shows a negative effect on the diffusion of innovation. This runs counter traditional theoretical model as well as empirical studies but, once more, it is probably due to our specific model which distinguishes effects on innovation from effects on the diffusion of innovation. As usually supposed trade has a positive and significant effect on innovation.
However, among firms which have innovative activities trade has no significant or significantly negative effect on the choice to adopt instead of generate innovation. As no variable accounting for competition has been integrated within the estimation, one can also assume that the export variable gathers international openness as well as competitive pressure effects on firms. As competition often appears as not favorable for cooperative innovation, this might explain the results.
Indeed cooperation has a clear positive effect. It increases the ability to adopt both product and process innovation. The impact is however higher on product adoption than on process adoption. Let us note also that this variable does not impact differently the choice between halshs-00550343, version 1 -27 Dec 2010 adoption made in cooperation and adoption made in isolation. Cooperation would thus be an important characteristic of adoption, whatever the way this adoption is made.
Finally it should be noted that, contrary to cooperation, many factors impact on the way adoption is made. Higher education, legal protection (patents), ownership by a group, organizational changes, public funding of innovation and exports are the main drivers of cooperation-based adoption. They conversely influence negatively adoption made in isolation.
All in all, we have disentangled the effects of various determinants of diffusion at different stages of the microeconomic processes of innovation adoption. When defining public policies instruments aiming at enhancing the rate of innovation diffusion within an economy, it should not be forgotten that they impact, at the same time, on the mere decision to innovate, on the one hand, and on the decision to adopt external technology instead of producing it, on the other hand. Concerning patents policy for example what it is important to bear in mind is the balance between innovation production (boosted by the enforcement of patent strategies) and innovation adoption (slowed down by patent strategies).
Apart from the cooperation factor which positive impact appears whatever the circumstances, the role and the importance of these determinants identified vary according to the type of innovation (product vs. process innovation) or to the type of adoption we have considered (by cooperation or through direct purchase from other firms). Policy makers should keep this in mind for example, when elaborating policy instruments aiming at enhancing the absorptive capacities of firms or their export and organizational performances. halshs-00550343, version 1 -27 Dec 2010 Total innovation expenditure of the firm, LNTURN : turnover of the firms, LNEMPHI: higher education-skilled workforce, PATENT: takes the value 1 if the firm uses patent protection and 0 otherwise, GP: dummy variable indicating whether the firm belongs to a group or not, ORGA: dummy variable for organizational structure PUBLIC: public financial supports, LNEXP: exports as in CIS, COOP: firms cooperate in innovation, LNWTURN: Firm turnover weighted by industry turnover, INTMAR: mainly international market, NATMAR: mainly national market, LOCMAR: mainly local market, EST: dummy for new established firm. t-ratio are given in parenthesis level of significance: * 10%, **5%,***1% (Columns i and iii: without correction of selection bias. Columns ii and iv: with correction of selection bias) higher education-skilled workforce, PATENT: takes the value 1 if the firm uses patent protection and 0 otherwise, GP: dummy variable indicating whether the firm belongs to a group or not, ORGA: dummy variable for organizational structure PUBLIC: public financial supports, LNEXP: exports as in CIS, COOP: firms cooperate in innovation, LNWTURN: Firm turnover weighted by industry turnover, INTMAR: mainly international market, NATMAR: mainly national market, LOCMAR: mainly local market, EST: dummy for new established firm. t-ratio are given in parenthesis level of significance: * 10%, **5%,***1% (Columns v and vii: without correction of selection bias. Column vi: with correction of selection bias) higher education-skilled workforce, PATENT: takes the value 1 if the firm uses patent protection and 0 otherwise, GP: dummy variable indicating whether the firm belongs to a group or not, ORGA: dummy variable for organizational structure PUBLIC: public financial supports, LNEXP: exports as in CIS, COOP: firms cooperate in innovation, LNWTURN: Firm turnover weighted by industry turnover, INTMAR: mainly international market, NATMAR: mainly national market, LOCMAR: mainly local market, EST: dummy for new established firm. t-ratio are given in parenthesis level of significance: * 10%, **5%,***1% (Columns viii and ix: without correction of selection bias. Column x: with correction of selection bias) 182.56*** 187*** Observations 5599 5599 Note: LNRTOT: Total innovation expenditure of the firm, LNTURN : turnover of the firms, LNEMPHI: higher education-skilled workforce, PATENT: takes the value 1 if the firm uses patent protection and 0 otherwise, GP: dummy variable indicating whether the firm belongs to a group or not, ORGA: dummy variable for organizational structure PUBLIC: public financial supports, LNEXP: exports as in CIS, COOP: firms cooperate in innovation t-ratio are given in parenthesis level of significance: * 10%, **5%,***1% 16 The selection equation is not reported here because it is the same equation as the equation (i) reported in Table 1 . Moreover, results for total adoption made in cooperation are not reported since they are exactly opposite to the one obtained for total adoption made in isolation (the dependent variable being dichotomous).
